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This study aimed to assess the effectiveness of functional near-infrared 
spectroscopy in differentiating normal cognition and early dementia. To date, only 
pen-and-paper tests, which are time consuming, uneconomical in the sense that the 
services of psychiatrist or psychologist don’t come cheap, and are just behaviour 
assessments, are used to screen for dementia. The deployment of functional near-
infrared spectroscopy not only could study functional connectivity but also could 
provide the objective confirmation of dementia diagnosis To observe the difference 
between the brain signal of normal aging individuals and early dementia patients, tasks 
to activate working memory were designed. A total of 10 subjects (3 healthy controls 
and 7 early dementia patients) screened using Mini Mental Status Examination and 
Clinical Dementia Rating underwent three levels of sequencing tasks and three 
categories of verbal fluency tasks while getting their brain signals measured. The 
findings showed that the activation level of healthy controls is higher than that of early 
dementia patients (sequencing tasks – level 1: 0.08 vs 0.04 mM⋅mm, level 2: 0.07 vs 
0.06 mM⋅mm, level 3: 0.05 vs 0.04 mM⋅mm; verbal fluency tasks – 0.2 vs 0.1 
mM⋅mm). This activation was found to be in the left and right prefrontal cortex. 
Besides that, more complicated activations were observed during verbal fluency task 
as it tests not only working memory but also verbal and executive control abilities. As 
of now, the sample size is not sufficient enough to conclude this study but the data 
collection is still on-going. Once the data collection is completed and the sample size 
is large enough, the role of functional near-infrared spectroscopy in dementia diagnosis 
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Aging population is a major issue in most countries, no matter developed, 
developing or less-developed ones. Among all aging-associated diseases, dementia is 
the fastest growing brain disorder [1] (see Fig. 1). By 2013, dementia has affected 44.4 
million people globally and this figure is expected to rise dramatically in future [2]. 
Dementia is defined as a neurodegenerative disorder involving the deterioration of 
multiple cognitive abilities which could affect everyday life. The deterioration is 
usually progressive, even to the extent that self-care and self-reliance are not possible. 
There are various forms of dementia. Alzheimer’ disease (AD) is the most common 
form and accounts for 60-80% of dementia cases while vascular dementia (VaD) 
accounts for another 10% [3]. A European study claimed that the prevalence of 
dementia doubles every 5 years starting from the age of 65-90 [4]. As a consequence, 
dementia is regarded as a global health crisis [5].  
 
Fig. 1. Dementia shows the highest increase in numbers with advancing age [1]. 
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A wide range of cognitive functions are compromised due to changes in the 
brain regions in patients with AD [6].  These abnormalities affect not only memory, 
language, problem solving, judgment, but also calculation and visuospatial awareness.  
Executive functions are among one of the many impairments found in patients with 
AD. These functions encompass a number of cognitive abilities responsible for 
decision making, planning, self-monitoring, and behaviour organization and inhibition 
[7]. All aforementioned processes often involve working memory (WM), which is 
reported to be responsible for transient holding and processing of new and stored 
information [8, 9]. It is also claimed that WM plays a crucial part in the processing of 
reasoning, comprehension, learning, and memory updating [10].   
At present, there is no cure for dementia but early diagnosis and brain 
monitoring can be beneficial. Several neuroimaging modalities have been proposed to 
gain a better understanding. Functional near-infrared spectroscopy (fNIRS) forms an 
economical way to image the brain, as compared with functional magnetic resonance 






1.2 PROBLEM STATEMENT 
For dementia, early diagnosis and brain monitoring can be beneficial. To date, 
only pen-and-paper tests are used to screen for dementia. These tests can be time 
consuming, not economical (expense for psychiatrists), and are just behaviour 
assessments. There is no objective confirmation of clinical diagnosis of dementia. 
Thus, it has been suggested that fNIRS could be deployed clinically to diagnose 
dementia by differentiating normal cognition (NC) and early dementia (ED). This not 
only could study functional connectivity but also could provide the objective 
confirmation of dementia diagnosis, just like what fNIRS has achieved in 
differentiating other brain disorders [11].  
 
1.3 OBJECTIVES 
The overarching objective was to assess the effectiveness of fNIRS in 
differentiating NC from ED. By doing so, the role of fNIRS in dementia diagnosis can 
be validated. To achieve the main objective, the following prior sub-objectives had to 
be accomplished:   
1. To design and develop a protocol consisting of several tasks for memory 
assessment 
2. To collect data from subjects 
3. To process fNIRS data to identify subjects into NC and ED categories 





1.4 SCOPE OF STUDY 
Since the number probes for fNIRS measurement was limited, only certain 
regions can be measured. Therefore, getting a sound knowledge of pen-and-paper 
screening tests for dementia was essential not only to decide the regions to be measured 
but also to develop an effective protocol to differentiate NC from ED using fNIRS.  
There exists various neuroimaging modalities such as fNIRS, fMRI, EEG and 
positron emission tomography (PET) that can be used in this study. Read up on these 
neuroimaging modalities was done to gain a better understanding in order to justify 
why fNIRS was preferred in this study.  
 To observe the difference between the brain signal of normal aging individuals 
and ED patients, tasks used to test WM were designed. Healthy controls and ED 
patients underwent the designed tasks while getting their brain signals recorded. Other 
than pen-and-paper screening tests, this data was processed and analysed to diagnose 
dementia.  
 
1.5 THE REPORT 
This report contains several chapters, ranging from introduction to conclusion.  
Chapter 2 outlines what have been done and found by other researchers in the 
topics which are related to this study, such as neuroimaging modalities, and the 
difference of NC and ED from the aspects of neuroimaging.  
Chapter 3 describes a system of methods which was deployed to achieve the 
goals of this study. The system of methods includes appropriate subject selection, the 
protocol, signal processing, and a Gantt chart.  
In Chapter 4, results are presented and discussed by commenting on the results 
obtained, interpreting what the results mean and explaining any results which are 
unexpected. 
Chapter 5 wraps up what have been discussed in this report. Based on the 








First, this section briefly discusses some of the neuroimaging modalities which 
are more commonly used – fNIRS, fMRI and EEG. Other than that, this section also 
compares the brain function between healthy individuals and ED patients.  
 
2.1 fNIRS AND OTHER NEUROIMAGING MODALITIES 
fNIRS is a neuroimaging modality that monitors the brain activity non-
invasively through hemodynamic responses [12]. Oxygenated haemoglobin (oxy-Hb) 
is the form of haemoglobin with the bound oxygen while deoxygenated haemoglobin 
(deoxy-Hb) is the form of haemoglobin without the bound oxygen. In fNIRS, oxy-Hb 
and deoxy-Hb absorb the 700-900 nm near-infrared (NIR) light penetrating through 
skin and skull differently (see Fig. 2). Thus, concentration changes in both oxy-Hb and 
deoxy-Hb can be calculated based on the NIR light scattering and attenuation. A study 
has proven that oxy-Hb is more sensitive to cerebral blood volumes changes that are 
associated with task [13]. Because of the portable equipment, ease of setup and lenient 
subject constraints, there has been a widespread use of fNIRS, including observing 
task-associated brain responses [14] and treating attention deficit hyperactivity 
disorder (ADHD) [15].  
 
Fig. 2. Absorption spectra of oxy-Hb and deoxy-Hb for NIR wavelengths,  
by Adrian Curtin – CC-BY-SA-2.1-jp. 
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Other than fNIRS, there are various non-invasive neuroimaging modalities 
such as fMRI and EEG. By utilizing magnetic resonance imaging (MRI) technique, 
fMRI detects task-associated changes in blood oxygenation and flow to measure the 
brain activity. Although fMRI has excellent spatial and temporal resolution [16], the 
equipment is large, expensive, and the subject constraints are strict. fMRI 
neurofeedback system has succeed in controlling brain areas associated with pain 
processing [17, 18]. On the other hand, EEG uses electrodes affixed to the scalp to 
detect the electrical activity in the brain. Despite EEG has a high temporal resolution, 
the resistivity of skull limits its spatial resolution [19] and only a small proportion of 
the signals recorded originates from the deeper brain layer [20]. Previous studies have 
showed that neurofeedback system utilizing EEG is effective in treating brain 
disorders [21, 22].  
 
 
2.2 WORKING MEMORY 
WM involves a total of three subsystems [23]. Two of them are to store and 
manipulate visual images as well as verbal information, which include visuospatial 
sketchpad and phonological loop [24, 25].  Last but not least, the third subsystem is 
known as the central executive – an attentional system that selects goal-relevant 
behaviour by focusing and switching attention. Therefore, well-coordinated 
subsystems are able to store and retrieve information from long-term memories [26].  
As WM is heavily involved in a vast range of functions, the following paragraph will 
discuss the cognitive impairments in patients with AD that are related to WM deficits.   
Patients with AD show broad impairment in the capacity for new learning 
[27].  This is due to the fact that WM deficits often result in the inability to retain 
short-term memory, hindering long-term memory consolidation during the learning 
process [28]. Apart from that, patients with AD suffer from another principal WM 
deficit – impairment in the access to semantic memory, which is probably caused by 
declined central executive functions  [27]. These reported findings all suggest that 




2.3 DIFFERENTIATING NC FROM ED 
Currently, only pen-and-paper tests are deployed to diagnose dementia. Mini 
Mental Status Examination (MMSE) is a tool designed to screen for cognitive 
impairment [29] (refer to APPENDIX A) while Clinical Dementia Rating (CDR) is an 
observer rating scale developed to rate the severity of dementia [30] (refer to 
APPENDIX B). The CDR requires not only the dementia patient but also a reliable 
informant or collateral source (usually a family member). Besides that, other 
limitations of the CDR include its length of administration, reliance on clinical 
judgment, and relative insensitivity as a measure of change in interventional studies. 
The last point is vital when it comes to monitoring the progress of ED. In this case, 
CDR is definitely less sensitive. 
The prefrontal cortex of the brain is shown in red in Fig. 3. Apart from pen-
and-paper tests, previous study comparing brain function between AD patients and 
healthy elderly people showed that the most significant differences in activation during 
avoiding collision in simulated driving were observed in the prefrontal cortex [31].  
Another research, in which letter verbal fluency task (VFT) was used as an activation 
task, revealed that AD patients have lower activation level in the frontal, left and right 
parietal, and occipital areas, as compared with healthy elderly people [32]. 
Contradictory, it was found that healthy elderly individuals showed increases in oxy-
Hb in both left prefrontal and left superior parietal cortices, and AD patients showed 
simultaneous decreases and increases in oxy-Hb in the left parietal and left prefrontal 
cortices respectively during letter VFT [33]. Besides that, previous research claimed 
that predominantly left hemispheric activation can affect the performance of VFT 
significantly [34]. Last but not least, a previous study has reported that VFT activates 
several regions including the left prefrontal cortex [35]. 
 
Fig. 3.  Prefrontal cortex shown in red, by Database Center for Life Science (DBCLS) 




fNIRS was utilized throughout this study. Previous studies have claimed that 
WM deficits are associated with the cognitive impairment in AD. Besides that, it has 
been reported that both frontal and parietal regions shows prominent differences in 
brain function between healthy individuals and AD patients. These regions are 
responsible for WM. Therefore, a protocol testing WM and focusing on frontal region 








The experiment involved two group of subjects: healthy controls and ED 
patients. A total of 10 subjects (3 healthy individuals and 7 ED patients) participated 
in this study. The mean (± standard deviation) ages of healthy controls and ED patients 
were 71 (± 6) and 74.9 (± 9.6) years respectively. The inclusion criteria for 
participation are shown in Table 1. All subjects were briefed through the nature of the 
experimental procedures prior to the experiment. Following the receipt of subject 
information (refer to APPENDIX C) and informed consent form (refer to APPENDIX 
D), subjects were administered the MMSE and CDR by the investigator or a trained 
member of the study team. All the tests and experiment were completed on the same 
day with a break in between the tests and experiment. Demographic information that 
were collected include age, gender, ethnicity, education level, first language, 
employment status, and diagnosis. 
Table 1. The inclusion criteria for participation in this study. 
Inclusion Criteria 
Healthy Controls ED Patients 
• Above 60 years old [4] 
• Right-handed 
• Able to converse in English 
• No cognitive complaints and no 
deficits on testing  
• Independent in activities of daily 
living  
• No past history of psychiatric or 
neurological disorder  
• CDR = 0 [30] 
• MMSE score ≥ 24 [29] 
• Above 60 years old [4] 
• Right-handed 
• Able to converse in English 
• CDR = 1 [30] 




3.2 DEMENTIA SCREENING INSTRUMENT 
The instruments that were administered in this study include both MMSE and 
CDR. For MMSE, it scores from 0 to 30 where the higher scores indicate better 
cognition. The cut off of 17 was set for cognitive impairment. On the other hand, the 
CDR tests 6 performance areas: memory, orientation, judgment, problem-solving, 
community affairs, home and hobbies, and personal care. In each area there is a 5 point 
scale where 0 represents the absence of dementia, 0.5 for questionable, 1 for mild, 2 
for moderate, and 3 for severe dementia. The sum of box in these 6 areas will be used 
in this study. Having completed the online Washington University training module for 
CDR assessment, a few investigators or members of the study team were eligible to 
conduct CDR assessment.   
 
3.3 FNIRS SYSTEM 
In this study, 52-channel OT-R40 fNIRS topography system (Hitachi Medical 
Corporation, Japan; see Fig. 4) was used to measure the brain activity. The probes and 
channels layout is illustrated in Fig. 5. According to international 10-20 system [36], 
emitter 23 and 28 were placed directly at T4 and T3 respectively. 52 measurement 
channels are sufficient to cover the prefrontal cortex. Since the probes were attached 
to a flexible head cap (see Fig. 6), it was relatively easy, fast and convenient to wear 
the head cap directly on the subjects. All channels had to be checked to ensure that the 
probes are in contact with the scalp. The entire process consumed less than 10 minutes.  
 





Fig. 5. The probe and channel layout, creating 52 measurement channels. 
 
 
Fig. 6. A mannequin head wearing the elastic cap which holds the probes. It is 
















Serial communication was used to allow remote triggering (START/STOP, 
marker set etc) and control of the OT-R40 from an external PC. After connecting the 
OT-R40 and an external PC using a serial cable, the OT-R40 can receive specific 
commands from the external PC and execute them accordingly. These commands are 
listed in Table 2. With these commands, markers were sent to do data logging. These 
markers were then used during the data extraction process, which will be explained in 
detail later. Coloured regions (each colour representing a specific marker) will appear 
on marked data, as shown in Fig. 7. 
Table 2. Received command and display character in mark field. 
Received 
Command 
Display Character in 
the Mark field 
Received 
Command 
Display Character in the 
Mark field (Stim 
Measurement) 
ST [cr] START A [sp] [cr] A 
ED [cr] STOP B [sp] [cr] B 
PS [cr] PAUSE C [sp] [cr] C 
UP [cr] unPAUSE D [sp] [cr] D 
 E [sp] [cr] E 
F [sp] [cr] F 
G [sp] [cr] G 
H [sp] [cr] H 
I [sp] [cr] I 
J [sp] [cr] J 
 
 
Fig. 7. An example marked data. The coloured regions are the markers. 
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3.4 TASK PARADIGM 
A MATLAB-based program was developed. There were two types of task- 
sequencing and verbal fluency. Both tasks were carried out in English language. The 
sequencing tasks were similar to the game “Remember The Sequence” designed by 
Alzheimer’s Disease Association [37].  The subjects were given briefing and training 
before any measurement. This was to familiarize the subjects with the experimental 
procedures. Other than that, the subjects were instructed to avoid movement, keep their 
left hand on the arm rest and their right hand on the mouse. After doing so, the brain 
activity was recorded when the subjects were carrying out the tasks. Fig. 8 shows the 
experimental setup. There were three levels of sequencing tasks – Level 1, 2 and 3. In 
each level, there were four rounds. On the other hand, verbal fluency for the categories 
fruits, food, and animals were included. The time course of the tasks was plotted in 
Fig. 9(a). During the pre-task and post-task rest periods, the subjects were required to 
keep their eyes on the fixation point as shown in Fig. 9(b). 
 
 
Fig. 8.  Each subject was instructed to avoid movement, keep their left hand on the arm 
rest and their right hand on the mouse during the experiment while carrying out 










Fig. 9.  (a)  The time course of the tasks. 
(b)  The fixation point where the subjects have to keep their eyes on 
 during rest. 
 
3.4.1 Sequencing tasks 
With accordance to Fig. 10, the subjects were required to remember series of 
images shown during the consolidation period and identify them by clicking on the 
boxes accordingly to the sequences during the response period. The response time (r) 
was recorded. Subjects only had one attempt per round. Specific instructions were 
listed in Table 3 while the time course of each level was illustrated in Fig. 10.  
PT  =  Pre-task rest   R = Post-task rest r = Response time 
 
 = Sequencing task – Level 1 = Verbal fluency - fruits 
 
 = Sequencing task – Level 2 = Verbal fluency - food 
 
 = Sequencing task – Level 3 = Verbal fluency - animals 
(a) 
25 s 15 s 15 + r s 15 + r s 15 + r s 60 s 





Table 3. Instructions for the sequencing tasks. 
Level Description 
1 
The subject is shown a shape momentarily. The subject has to identify the 
correct shape shown. See Fig. 10(a). 
2 
The subject is shown two fruits momentarily. The subject has to identify the two 
fruits in the correct sequence. See Fig. 10(b). 
3 
The subject is shown three animals momentarily. The subject has to identify the 













10 s 5 s r s 
Consolidation Response 
















In previous studies using fNIRS, VFT has been widely used as an activation 
task for patients with Alzheimer’s disease [32-34]. There are two versions of VFT: 
letter and category fluency task [38]. In this study, the latter was included as one of 
the tasks. Three categories including fruits, food, and animals were assessed in three 
sessions respectively. In each assessment, each subject was given 1 minute to come up 
with as many words as possible within that particular category. The total number of 
words given was recorded by the end of 1 minute. Besides that, subjects were also told 
to avoid repetition of words. For example, if fruits is selected to be the category, then 
the subject has to give words such as apple, banana, orange etc. verbally. 
 
 
3.4.3 Omitted tasks 
Initially, apart from the sequencing tasks and VFT, two other tasks were 
developed using MATLAB. They were known as “Where’s The Twin?” and “Match 
Them Up”. For the former, level 1, 2 and 3 contain 4, 3 and 2 rounds respectively 
while for the latter, level 1, 2 and 3 consist of 7, 5 and 3 rounds respectively. “Where’s 
The Twin” was designed specifically to test working memory [37]. The instructions 
are listed in Table 4 and the screenshots are displayed in Fig. 11. On the other hand, 
“Match Them Up” aimed to test logical thinking [37]. The instructions are shown in 
Table 5 and the screenshots are illustrated in Fig. 12. Both of the tasks were tested 
using several university students who are in their twenties. However, considering the 
duration of the entire experiment, only one task was picked. Both of these tasks gave 
not much positive findings as compared to the sequencing task. As a result, the 




Table 4. Instructions for the “Where’s The Twin” task. 
Level Description Rounds 
1 Four cards with two pairs of fruits will flip open on screen for a moment 
before closing again. The player has to remember the positions of 
pictures and match the same pictures. 
4 
2 Six cards with three pairs of animals will flip open on screen for a 
moment before closing again. The player has to remember the 
positions of pictures and match the same pictures. 
3 
3 Eight cards with four pairs of objects will flip open on screen for a 
moment before closing again. The player has to remember the 
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Table 5. Instructions for the “Match Them Up” task. 
Level Description Rounds 
1 The player is shown a frequently used item. The player has to 
identify another item associated with the item shown. 
7 
2 The player is shown a frequently used item. The player has to 
identify two other items associated with the item shown. 
5 
3 The player is shown a frequently used item. The player has to 














































3.5 DATA ANALYSIS 
The Platform for Optical Topography Analysis Tools (Research & 
Development Group, Hitachi, Ltd.) or POTATo is a MATLAB-based graphical user 
interface (GUI) to serve as an analysis platform which is capable of carrying out a 
diversity of data processing methods (see Fig. 13). The raw data from fNIRS was first 
pre-processed using POTATo to remove artefacts due to body motion, heartbeat, 
breathing, and random noise. Next, temporal features were extracted from the 
corresponding fNIRS channels. Subsequently a classifier was implemented to identify 
subjects into NC and ED categories. 
 
Fig. 13. POTATo, the tool used to facilitate data processing and analysis. 
 
An example of raw signal from a single channel is shown in Fig. 14(a). Time 
(s) is plotted on the horizontal axis while oxy-Hb is plotted on the vertical axis. The 
red and blue signals represent oxy- and deoxy-Hb respectively. Each distinct coloured 
region represent a different task period. Raw signal is always noisier. Therefore, signal 
pre-processing was essential. First, moving average filter was applied to smooth the 
raw signal. Each data point was replaced by the average of the 10 neighbouring data 
















Then, signal during desired tasks was extracted and averaged to produce a 
blocked signal. For example, signal obtained during all 4 cognition periods of 
sequencing task level 3 can be extracted and averaged to produce the signal displayed 
in Fig. 15(a). The red region indicates the desired task period. After blocking, the 
signal was fitted accordingly to the baseline which was measured in the starting 10 












With accordance to Fig. 16(a), 5 s after the beginning of the task, the task-
associated activation should be stable and can be observed clearly. The reason the 
duration for the activation to be stable is in the middle of task is that fNIRS data are 
delayed because changes of blood flow take time. The results or hemodynamic 
responses are shown in a channel layout, as illustrated in Fig. 16(b). The darker the 
shade of red is, the higher the activation is. From this layout, regions that are activated 







Fig. 16.  Signal analysis: (a) the duration for the activation to be stable (b) the 
hemodynamic responses in a channel layout 
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3.6 KEY MILESTONES 
 
Table 6. Key milestones for FYP 1. 
No. Item/Week 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
1 Title 
Confirmation 
              
2 Completion of 
Protocol 




              
 
 
Table 7. Key milestones for FYP 2. 
No. Item/Week 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
1 Trial run of 
experimental 
protocol 




               
3 Completion of 
data collection 
(MMSE) 
               
4 Completion of 
data collection 
(CDR) 
               
5 Completion of 
data collection 
(protocol) 
               
6 Assessment of 
the 
effectiveness 
of fNIRS in 
differentiating 
NC from ED 
               
7 Validation of 
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3.7 GANTT CHART 
 
Table 8. Gantt chart for FYP 1. 
No. Item/Week 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
1 Select project                
2 Research and 
review 




              
4 Apply for 
ethics approval 
of research 
              
 
 
Table 9. Gantt chart for FYP 2. 
No. Item/Week 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
1 Final test of 
protocol 
               
2 Identify and 
recruit 
subjects 
















               
7 Statistical 
analysis 




RESULTS AND DISCUSSION 
 
4.1 SEQUENCING TASKS 
It is reported that patients with Alzheimer's disease show broad impairment in 
the capacity for new learning [27]. Their WM deficits cause difficulties in retaining 
short-term memory, making them hard to consolidate memory items during the 
learning process [28]. Therefore, this study focused on the hemodynamic responses of 
each subject during the consolidation period of the sequencing tasks (see Fig. 10) and 
throughout the VFT.  
 
4.1.1 Hemodynamic responses 
The hemodynamic response of both subject groups during each level was 
assessed. Fig. 17 shows the comparisons between the averaged hemodynamic 
responses of healthy controls and ED patients during each level of sequencing task.  
 
Hemodynamic Responses 








Concentration change of oxy-Hb (mM⋅mm) 
Fig. 17. The averaged hemodynamic responses during each level of sequencing task. 
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Referring to Fig. 17, the overall activation level of healthy controls was higher 
than ED patients regardless of level (level 1: 0.08 vs 0.04 mM⋅mm; level 2: 0.07 vs 
0.06 mM⋅mm; level 3: 0.05 vs 0.04 mM⋅mm). During level 1 and 3, the activated 
regions of healthy controls were larger and more concentred on the right prefrontal 
cortex compared to ED patients. Other than that, for healthy controls, the right 
prefrontal cortex was more active in level 1 than in level 2 and 3.  
As mentioned previously, the overall activation level of healthy controls was 
higher than ED patients regardless of level. Previous research has reported similar 
finding [32]. This may be due to the fact that some ED patients may be suffering from 
declined dilatory ability of cerebral vessels and compensatory ability of cerebral 
arterioles under hypoxic conditions. Both of these declines were reported to be 
associated with normal aging [39].  For healthy controls, the right prefrontal cortex 
was more active, suggesting that the right prefrontal cortex is more involved in short-







The performance of both subject groups under each level was assessed by 
comparing the response time, which is the time taken for each subject to complete each 
task correctly. Fig. 18 shows the comparisons between the average response times of 
both subject groups in each level. Two-sample t-tests was deployed to show if there 
was a significant difference between the response time of healthy controls and ED 
patients. The t-test showed that there were significant differences in level 1 (p = 
0.0073), 2 (p = 0.0069) and 3 (p = 0.0286). 
The response time of healthy controls was found to be significantly shorter than 
that of ED patients in all three levels. This was expected as WM deficits are a 
recognised feature of ED. These deficits may cause them having difficulties in 





Fig. 18. The response time of both subject groups in each level of sequencing task. 
 
 
p = 0.0073 
p = 0.0069 




4.2.1 Hemodynamic responses 
The hemodynamic response of both subject groups during VFT was assessed. 
Fig. 19 shows the comparisons between the averaged hemodynamic responses of 
healthy controls and ED patients during VFT. With accordance to Fig. 19, the overall 
activation level of healthy controls was higher than ED patients (0.2 vs 0.1 mM⋅mm). 
More complicated activations were observed during VFT as it tests not only working 
memory but also verbal and executive control abilities. It was also found that activated 
regions of healthy controls were more concentred on the left and right prefrontal cortex 
compared to ED patients. Other than that, ED patients showed increases in oxy-Hb in 
the left prefrontal cortex during VFT. These findings clearly indicate that the VFT 
activated the left and right prefrontal cortex of healthy controls but only the right 
prefrontal cortex of ED patients.  
The overall activation level of healthy controls was higher than ED patients 
regardless of level. Previous research has reported similar finding [32]. This may be 
due to the fact that some ED patients may be suffering from declined dilatory ability 
of cerebral vessels and compensatory ability of cerebral arterioles under hypoxic 




Healthy Controls ED Patients 
  
Scale  
Concentration change of oxy-Hb (mM⋅mm) 





The performance of both subject groups under each category of VFT was 
assessed by comparing the number of words given. Fig. 20 shows the comparisons 
between the numbers of words given by both subject groups in each category. Two-
sample t-tests was deployed to show if there was a significant difference between the 
number of words given by healthy controls and ED patients. The t-test showed that 
there were significant differences in category fruits (p = 0.0021), food (p = 0.0174) 
and animals (p = 0.0018). 
The number of words given by healthy controls was found to be significantly 
higher than that of ED patients in all three categories. This was expected as semantic 
memory impairment is very prominent in of ED. This impairment may cause the ED 
patients difficulties in retrieving semantic information [27], deeply affecting their 








p = 0.0221 
p = 0.0174 




CONCLUSION AND RECOMMENDATION 
 
As of now, there is no cure for dementia and it cannot be stopped from 
progressing. Dementia may involve deficits in memory, language, attention, praxis, 
visuospatial skills and executive functions. With these deficits, it is difficult for 
dementia patients to carry out activities of daily living without any interference.  
To date, only pen-and-paper tests are used to screen for dementia. These tests 
can be time consuming, not economical in the sense that the services of psychiatrist or 
psychologist don’t come cheap, and are just behaviour assessments. Thus, this study 
tested the effectiveness of fNIRS in clinical diagnosis of dementia by differentiating 
normal cognition and early dementia.  
In conclusion, the differences between normal cognition and early dementia 
can be observed clearly during the sequencing and verbal fluency tasks. In early 
dementia a reduction of blood flow and oxygenated haemoglobin may occur during 
activation of brain function, probably mainly in the degenerating brain regions, namely 
left and right prefrontal cortex. However, as of now, the sample size is not sufficient 
enough to conclude this study. The data collection is still on-going and by then more 
detailed statistical analysis can be done. Once the data collection are completed and 
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